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ABSTRACT
This paper proposes a new full-metal unit cell for reflectarray antenna for space applications. It can be scaled to
operate from X-band to Ka-band with the same manufacturing process. In this paper, An X-band 3-panel
reflectarray for small satellite has been designed in this paper. The reflectarray has been simulated on the [8-8.4]
GHz band and shows a good stability on the band. The maximum gain is 28 dB and the half-power beamwidth is 8°.

INTRODUCTION

shaped in a circular pattern composed of six radial slots
and at the end of each slot, there is one orthoradial slot.
To cover a larger phase response, an anti-radial slot is
added at the end of each orthoradial slot. This high
rotational symmetry ensures the same response for any
polarization. The evolution of the cell is presented on
the Fig. Figure 1(c). The unit cell size is fixed at 14 mm
to operate at 8.2 GHz, i.e., λ/4. The thickness of the
metallic sheet is 1.5 mm and the height of the cavity is
8.8 mm. The unit cell has been simulated with CST
software.

The reflectarray concept has been firstly formulated by
Berry et al. in 1963 [1]. The performances are a
combination of the features of both reflector (high gain
with good aperture efficiency) and array antennas (lowprofile) [2]. The main advantage of reflectarray
compared to the parabolic antenna is that it can be
easily stacked up. Thanks to this feature and the
emergence of SmallSat missions with high data rate,
reflectarray is currently of very high interest [3]. To
meet this need, a deployable three-panel reflectarray is
an appropriate solution. The RF surfaces developed in
the literature [3 – 5] are mainly composed of dielectric
materials with metallic patterns. However, dielectric
material is often restricted in the harsh space
environment (wide temperature range, radiation, etc.),.
To avoid this problem, a full-metal solution can be a
very good choice. Furthermore, full metal panels enable
a low out-of-plane thermoelastic distortion and
therefore a steadier performance during the lifetime of
the satellite.
In this paper, a new full-metal cell on a triangular mesh
is proposed. This design is scalable from X-band to Kaband. An example of application for this antenna will
be a high-gain (high data rate) circularly polarized XBand Payload Telemetry Antenna operating on the
[8.025 - 8.4 GHz]. The main objective of this paper is
to prove the feasibility of a full-metal cell suited for
circular polarization operating in X-band.

Figure 1: Views of the full-metal unit cell: (a) Top
view and (b) 3D view. (c) Cycle of the cell.

UNIT CELL DESIGN
Fig. Figure 1 shows the design of the unit cell. It is a
full-metal cavity-backed slot topology. The slot is
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Fig. Figure 2 shows the phase response as a function of
the length of the slot for several frequencies within [88.4] GHz range. The worst case varies by 90 degrees
within the frequency range. This will directly impact
the bandwidth of the reflectarray. The impact on the
radiation pattern will be presented in the next section.
The phase covering has been set to 310° instead of the
full 360° range to minimize the dispersion of the cell.

arrangement and the coordinates system of the
reflectarray on the CubeSat. The source is placed on the
side of the CubeSat, this position sets the offset at 286
mm and the focal length at 361 mm. A 17-dBi gain
circularly polarized horn has been used as a primary
source but its design will not be presented in this paper.

Figure 2: Simulated
bandwidth.

on the

Figure 4: Coordinates system and reflectarray
arrangement.

Fig. Figure 3 shows a sample of manufactured using
wired electroerosion machines. The goal of this step
was to validate the feasibility of the manufacturing of
the unit cell. The geometrical measurements showed
that the length and width of the slots are very close to
the nominal values.

The angle of the side panels with regard to central panel
(β) is equal to 13° (Fig. Figure 5). The deployed angle
is a degree of freedom for the hinge design, which has
no impact on the stowed volume envelope which is the
main constraint for small structure. The rotation axis of
the hinges is depicted by the AG and AD points. The
deployed angle has been chosen to minimize the
standard deviation of the distance between each point of
the panels and the theoretical parabola. Reducing the
standard deviation of this distance will naturally
enhance the bandwidth of the reflectarray.

phase

response

Figure 3: Manufactured unit cells

REFLECTARRAY DESIGN
In this section, a three-panel reflectarray is studied to
answer to a typical CubeSat mission. The dimensions of
each panel are 200x350 mm² composed of 350 (25x14)
unit cells per panel. Fig. Figure 4 depicts the
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Figure 5: Schematic view of the 3-panel reflectarray.
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The phase shift needed on the panels is calculated to
form a focused beam and can be seen on Fig. Figure 6.
For visibility reason, the lateral angle is not represented
on this figure but it has been taken into account in the
equation. A database of 10 units cells for incident
angles ranging from 0° to 40° (10 steps) has been
simulated. For each point of the surface of the
reflectarray, the incident angle as well as the phase shift
needed is calculated and then the closest cell for the
given incident angle is selected from the database.

Figure 6: Phase distribution on the panels.
An analytical approach has been chosen to estimate the
normalized radiation pattern. The dispersion of the cells
will be taken into account to determine the variation of
the maximum gain within the frequency range. The
value of the maximum gain has been estimated with the
surface of the aperture and assuming a 60% aperture
efficiency.
Fig. Figure 7 shows the normalized directivity of the
reflectarray at 8, 8.2 and 8.4 GHz. The half-power
beamwidth is around 8° and the maximum gain is
estimated at 28 dBi. Some variations can be observed at
the extremal frequencies on the φ=0° cut. They are due
to the dispersion of the cells which creates a slightly
unfocused beam.

Figure 7: Normalized directivity (dB): (a) at 8 GHz,
(b) at 8.2 GHz, (c) at 8.4 GHz.
CONCLUSION
A new full-metal unit cell is proposed for reflectarray
suited for CubeSat missions. The unit cell has been
designed at X-band and is scalable from X-band to Kaband. A sample has been manufactured with promising
precisions. Electroerosion process for unit cell
manufacturing is validated. An example of application
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has been done for a CubeSat and shows a stable
radiation pattern within the frequency range of [8-8.4]
GHz. The analytical results show a maximum
directivity of 28 dBi with a half-power beamwidth of
8°. The next step is to manufacture the full reflectarray
and measure its performance.
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